Abstract. We constructed velocity models of subducting slabs with a kinetically•depressed olivine --> [3-and ¾-spinel transition, and examined the effect that such structures would have on teleseismic P waveforms using a full-wave finitedifference method. These two-dimensional calculations yielded waveforms at a range of distances in the downdip direction. The slab models included a wedge-shaped, lowvelocity metastable olivine tongue (MOTO) to a depth of 670 kin, as well as a plausible thermal anomaly; one model further included a 10-km-thick fast layer on the surface of the slab.
Introduction
The Earth's mantle undergoes a major seismic and mineralogic change at about 400 km depth as silicate olivine transforms to the higher-pressure [3-phase. This paper is concerned with this discontinuity as it occurs in cold subducting slabs. Although colder temperatures within slabs are thought to elevate the equilibrium boundary of the olivine to 13-phase transition due to the positive Clapeyron slope of this reaction [Solomon and U, 1975; Roecker, 1985; Helffrich et al., 1989 ], low temperatures could instead kinetically impede the reaction, thus depressing this boundary within the core of the slab [Sung, 1979; Sung and Bums, 1976] . Thus, a wedge-shaped region of roetastable olivine may persist in subducted lithosphere to depths well below 400 kin. Such a feature would form a relatively. low-velocity and low-density channel within the slab that would act as a seismic waveguide. This low-velocity structure might be difficult to observe by arrival time tomography, since the first arriving seismic waves tend to stay in fast material [Iidaka and Suegetsu, 1990] . Here, we investigate the effects on teleseismically-recorded compressional (P) waveforms of a roetastable olivine tongue (MOTO) extending from 400 km to 670 km in order to evaluate the prospects for resolving the presence of such a Nevertheless, the present work is the first eftbrt to examine the possible teleseismic signature of roetastable olivine within subducting slabs.
Slab Velocity Model
The general slab velocity structure for which we compute waveforms is shown in Figure 1 . We assumed a slab dip of 50% and took the dimensions of MOTO as approximately equivalent to those defined by the 900øC slab isotherm in th6 calculations of Schubert et al. [1975] (ignoring the latent heat of transformation produced by phase transitions). This isotherm corresponds to the kinetic estimate of Sung [ 1979] for the minimum transition temperature from (Mgo. broader than a given isotherm at depth within the slab, increasing the region of olivine metastability, and producing a broader, blunter structure than is shown in Figure 1 .
Simulations with a slab model incorporating a broadened, rounded MOTO indicate that the effect on waveforms is not significantly different from that of a wedge-shaped structure.
Taken together, our simulations document that a structure similar to MOTO will produce prominent waveform complexity in the form of secondary arrivals at some take-off angles regardless of the location of a 400 km deep source within the slab. This complexity is present for all the velocity structures that we tested and for various amplitudes of the slab thermal anomaly. Shear waveforms may exhibit somewhat greater complexity than compressional waveforms; however, since shear waves are more attenuated, the complications would probably be more difficult to resolve. Some effects of the MOTO structure on the waveforms can be fairly subtle; for example, rise times (the time from initial arrival to peak amplitude) of P-waveforms of events near 400 km depth are either unchanged or lengthened by MOTO. Therefore, observations of deep (>450 km) earthquakes with rise times almost twice as fast as those of shallower slab events cannot be explained by the MOTO velocity structure ; in fact, this structure would be most likely to increase the observed rise times of deep events.
Discussion
As demonstrated by our simulations, teleseismic waveforms represent a promising approach for resolving the presence of a low-velocity metastable olivine wedge in subducting slabs. This approach, however, may be hampered by several factors intrinsic to the nature and geometry of MOTO. First, as shown by Figure 3 , uncertainty in the lateral location of the source can introduce ambiguity into the interpretation of data. Also, the source depth, 400 km, at which waveforms would be most strongly affected by MOTO corresponds closely to a minimum in deep seismicity [Frohlich, 1989] 
Conclusions
This study provides one means by which the presence of a low-velocity metastable olivine wedge within a subducting slab could be seismically resolved. Although the details of the waveforms depend on source location within the slab, our simulations document that MOTO structures similar to those modeled here will generate significant waveform complexity, primarily in the form of secondary arrivals 0 to 4 seconds after the initial P wave for events near 400 km depth. Teleseismic waveforms represent a promising mechanism with which to examine such a feature, although some difficulties may arise in practice. These include uncertainty in source location, a paucity of earthquakes near 400 km depth, earthquake source complexity, limited broadband teleseismic data with the appropriate geometry, and interference from core-related phases.
